The phagocytic capacity of peritoneal macrophages from resistant C 3Hf mice and sensitive C57B1/6 mice was studied in vitro using a virulent and an avirulent strain of Salmonella typhimurium. Virulent and avirulent 3H-labelled bacteria opsonized with normal mouse serum were killed to an equal extent (about 40 %) by macrophages from C3Hf mice and C57B1/6 mice within 5 min after contact. Killing of both bacterial strains by macrophages from C3Hf mice continued at a lower rate for the next 30 min until about 40% of the remaining bacteria were killed. In this later phase macrophages from C57B1/6 mice killed avirulent S . typhirnurium to an extent comparable with the killing by macrophages from C3Hf mice, whereas macrophages from C57B1/6 mice were unable to kill virulent S . typhimurium. Cytochalasin B did not inhibit the rapid initial killing of bacteria opsonized with normal mouse serum, but completely inhibited the slower phase of killing. From these results it is concluded that the resistance of the mice to infection with S. typhimurium correlates with the bactericidal activity of their peritoneal macrophages, and that killing of the bacteria occurs in an early extracellular phase followed by an intracellular phase. It is only the latter phase which reflects the animal's resistance to infection.
typhimurium did not differ in their humoral responses to the bacteria with respect to agglutinating, complement-activating and opsonizing antibodies. To analy se this system further, and in an attempt to evaluate the role of macrophages in the natural resistance of mice to Salmonella, we have studied the bactericidal activity of peritoneal macrophages from sensitive C57B1/6 mice and from resistant C3Hf mice which are both sensitive to endotoxin (von Jeney et al., 1977) .
The antimicrobial systems of phagocytes have been studied intensively (Allen et al., 1974; Klebanoff & Hamon, 1975; Klebanoff, 1975) . Not only lysosomal enzymes but also oxidative processes involving activated oxygen species have been reported as antimicrobial agents of phagocytes (McRipley & Sbarra, 1967; Krinski, 1974; Babior et al., 1975; Rosen & Klebanoff, 1977) . C hemiluminescence is an indicator of oxidative metabolism, triggered, for example, by the interaction of granulocytes and macrophages with particles (Stjernholm et al., 1973; Allen et al., 1974; Allen & Loose, 1976; Nelson et al., 1976) , and is easy to measure. Accordingly, we have applied it to our system to learn more about the differential bactericidal capacities of macrophages from resistant and sensitive mouse strains and about the differential qualities of the two phases of killing that were evident.
M E T H O D S
Mouse sfrains. Mice of the inbred strains C3Hf and C57B1/6 were bred and kept under specific pathogen free conditions. Male mice, about 10 weeks old, were usually employed in the experiments.
Bacterial strains. Salmonella typhimurium SF1826 (0 1, 4, 5, 12,, 12,, lysotype LT20) and S. typhimurium SF10223, a smooth variant of strain SF1826 of reduced virulence but with the same 0 antigens, were used. In a previous communication (von Jeney et al., 1977) strain SF10223 was designated as F1826a.
Bacterial growth media. Stock cultures of the bacteria were maintained on egg agar (Kauffmann, 1966) . The bacteria were grown in standard broth (Merck) containing, per litre: peptone, 15.6 g; yeast extract, 2.8 g; glucose, 1.0 g; NaCI, 5.6 g; the pH was 7.4-7.6.
Isotopic labelling of bacteria. This was performed by incubation of 2.5 ml of a growing culture with [methyl-3H]thymidine I250 pCi (9.25 MBq); Amersham] and 1 mM-adenosine (Yagil & Rosner, 1970) in standard broth for 2 h. The bacteria were washed with phosphate-buffered saline (PBS) containing unlabelled thymidine and then with PBS. The incorporation of label was about 8000 c.p.m. per lo6 cells and the viable counts of the samples did not change within 10 h at 4 OC.
Tissue culture media. Eagle's medium (Grand Island Biological Co., Grand Island, N.Y., USA.) with the Dulbecco modification buffered with 20 m~-N-2-hydroxyethylpiperaz~ne-N'-2-ethanesulphonic acid (HEPES) (C .
Koth, 75 Karlsruhe, F.R.G.) was used. When cells were cultivated in an atmosphere containing 12% (v/v) CO,, sodium bicarbonate (3.7 g I-') was added. During the cultivation period the medium contained penicillin (Grunenthal, Stollberg, F.R.G.; 100 I.U. ml-') and dihydrostreptomycin (Hochst; 100 pg ml-l), but the phagocytosis tests were performed in media without antibiotics. No serum was added to the media, which were sterilized by filtration with Seitz filters (Schleicher & Schull, Dassel, F.R.G.). Sera. As a source of complement, normal sera were obtained by bleeding mice, which had been warmed with an infrared lamp, from the tail artery. The blood was collected in pre-cooled Eppendorf caps and left in an ice bath for 4-6 h. The clot was then carefully removed with a glass rod and the samples were centrifuged in the cold. Sera were kept at -70 O C .
For the absorption of natural antibodies, 1 ml volumes of serum were incubated with suspensions (100 pl) of centrifuged u.v.-killed S . typhimurium. After 1 h on ice the samples were centrifuged and sterilized by filtration.
To obtain antisera, mice which had been immunized intravenously with 2 x lo3 live S . typhimurium SF10223 were bled from the tail 40 d after injection. The blood was allowed to clot at room temperature for 3 h, kept at 10 "C overnight and then centrifuged. The antiserum obtained in this way did not contain active complement. In bacterial agglutination tests the sera had a titre of 1/64; this was unaltered after treatment with dithiothreitol, indicating the presence of IgG antibodies (Scott & Gershon, 1970) .
Opsonization of bacteria. This was always done immediately prior to use. A suspension of bacteria (100 pl, 5 x lo8 bacteria ml-') in PBS containing 0.01 % (w/v) MgC1, and 0.01 % (w/v) CaCI, was incubated at 37 "C for 30 min with 25 pl undiluted normal serum alone or with addition of 15 pl of anti-S. typhimurium antiserum diluted 1:lO with PBS. It was ensured by microscopic examination that no agglutination of the bacterid occurred under these conditions. The opsonized bacteria were not washed but were diluted 1 : 100 prior to use. No lysis of bacteria occurred under these conditions, as evidenced by viable counts.
Peritoneal macrophages. Mice were killed with ether, and then 5 . 5 ml of ice-cold Eagle's medium containing antibiotics (see Tissue culture media) was injected into the peritoneum. After slight massage, the contents were removed with a syringe. Generally, 4-5 ml could be recovered which contained about 3 x lo6 peritoneal cells. About 90-95 % of these were viable, as evidenced by staining with Trypan blue.
For the phagocytosis experiments, peritoneal cells were distributed to 35 mm Petri dishes ( lo6 cells per dish). After 1 h at 37OC in an atmosphere containing 12% (v/v) CO,, the medium was decanted and the non-adherent cells were removed by carefully rinsing each Petri dish with 2 x 20 ml of warm Eagle's medium. Adherent cells were incubated for a further 24 h in Eagle's medium (2 ml per Petri dish). Inspection of samples stained with Giemsa reagent (Merck) showed that adherent cells formed a rather dense monolayer, consisting of 94-97 % macrophages. For counts of macrophages, the monolayers were incubated at 37 OC for 20 min with 1 ml PBS without MgC1, and CaC1, containing 0.1 % (w/v) trypsin (Serva, Heidelberg, F.R.G.) and 0.01 % (w/v) EDTA (Simon & Sheagren, 1971) . The detached cells were carefully removed with a rubber policeman and counted. Each Petri dish yielded 1-9 x lo5 macrophages.
Phagocytosis and intracellular killing of S. typhimurium by macrophages. Monolayers of macrophages were washed twice with warm (37 "C) Eagle's medium (2 x 20 ml per dish) and incubated at 37 OC for 1 h in Eagle's medium free of antibiotics but containing HEPES. The medium was then replaced by a suspension of 1-4 x lo5 opsonized bacteria or 5-10 x lo5 non-opsonized bacteria in 1 ml Eagle's medium buffered with HEPES. After 5 min at 37 OC, to allow adherence of bacteria to the macrophages, the supernatant was decanted and the monolayers were washed with 2 x 10 ml ice-cold medium to remove non-adherent bacteria; this was taken as zero time. In each experiment the contents of three Petri dishes were analysed at zero time. Warm medium without antibiotics was added to the other dishes and incubation was continued for 10, 30, 60 and 90 min at which times three dishes were analysed for the number of surviving bacteria. Ice-cold PBS (1 ml) was added to each dish and the macrophages were lysed with the aid of a rubber policeman (Jenkin & Benacerraf, 1960) . To determine bacterial counts, lysates (0.1 ml amounts) were plated on agar and incubated at 37 OC overnight.
Due to the low number of bacteria added, on average less than one bacterium adhered per macrophage. Therefore erroneous results due to incomplete lysis of the macrophages were very unlikely, especially as no large plasma membrane fragments could be seen in the microscope after lysis. To examine whether the presence of antibiotics during the cultivation of macrophages affected their killing activity, macrophages which had been cultivated in the absence of antibiotics were also tested. There was no difference in their killing capacity, as compared with macrophages cultivated in the presence of antibiotics. Thus, in our system, antibiotics did not influence the bactericidal activity of peritoneal macrophages.
When 3H-labelled bacteria were used in these experiments, monolayers from 1.5 x lo6 peritoneal exudate cells were incubated with lo6 opsonized bacteria. The experiment was performed as described above, with 0.1 ml of the lysate being used for bacterial colony counts and 0-9 ml for counting of radioactivity. Radioactivity was measured using a Packard Tricarb scintillation counter model 3390 with a scintillation fluid consisting of xylene (3 I), Triton X-100 (1 I), water (0.2 1) and 2,5-diphenyloxazole (PPO, 12 9). The data were expressed as viable counts, relative to total counts measured as c.p.m.
Determination of chemiluminescence. Measurement of the chemiluminescence induced by the interaction of bacteria with peritoneal macrophages was carried out in an out-of-coincidence mode (Stjernholm et al., 1973) with a Packard Tricarb scintillation counter model 3002 equipped with photomultipliers which allow measurements at 37 OC. Peritoneal macrophages were distributed to Packard scintillation vials (3 x lo6 cells per vial) and monolayers were cultivated as described above. The adherent macrophages were washed twice with 5 mi warm (37 OC) PBS containing 0.01 % MgC1, and 0.01 % CaCl,, and then Dulbecco's modified Eagle's medium (2.5 ml) without antibiotics or phenol red, buffered to pH 7.4 with 20 mM-HEPES, (Eagle/HEPES) and luminol reagent (25 pl) were added to the vials. The luminol reagent was a saturated solution of luminol (5-amino-2,3-dihydro-1,4-~hthalazinedione; Sigma) in heat-inactivated foetal calf serum (Allen & Loose, 1976) , prepared by warming a suspension of 100 mg luminol in 10 ml of heat-inactivated foetal calf serum for 1 h with occasional shaking; after centrifugation in a bench top centrifuge the clear supernatant was used. For measurement of the chemiluminescence response, the samples were kept for 1 h in the dark in the scintillation counter with the conveyer belt compartment and the detector blocks warmed to 37 OC. Triplicate samples were measured for 10 min prior to the addition of bacteria, to determine background activity (10-25 x lo3 c.p.m.). A suspension of 1-3 x lo6 bacteria in 25 pl Eagles/HEPES medium was then added (zero time) and the measurements were continued. For presentation of the data, the background values have been subtracted.
Use of cytochalasin B and 2-deoxy-~-glucose. Experiments were also performed in the presence of cytochalasin B (Sigma; 1 pg ml-', final concentration) and 2-deoxy-D-glucose (Serva; 50 mM, final concentration). Unless stated otherwise, cytochalasin B (10 mg ml-' in dimethyl sulphoxide) was added to the monolayers 10 rnin prior to the addition of the bacteria, and 2-deoxyglucose was added 1 h before the bacteria. from resistant C3Hf mice (-) and sensitive C57B1/6 mice (---). The bacteria were opsonized with complement (normal serum). The number of viable bacteria associated with macrophages at zero time ( 5 min after addition) was taken as 100% surviving bacteria. Each point and bar indicates the mean value, k standard deviation, for three Petri dishes. 
R E S U L T S
Bactericidal activity of peritoneal macrophages At zero time, 3-5% of the bacteria originally added were bound to the macrophages. This was taken as 100 % of macrophage-associated bacteria. Macrophages from the resistant C3Hf mice killed about 40% of the associated virulent or avirulent bacteria within 30 min (Fig. 1) . No further killing was seen during the following 30min. Macrophages from the sensitive C57B1/6 mice killed the avirulent SF10223 bacteria with an efficiency equal to that seen with C3Hf macrophages but were not able to kill the virulent strain SF1826, which continued to multiply. The results were independent of the mode of opsonization, as shown for the virulent strain SF1826 in Table 1 . Similar results were obtained with the avirulent strain SF 10223 (data not shown).
Two phases of bactericidal activity of peritoneal macrophages
To measure the kinetics of killing of the bacteria by macrophages, from the time of cell-cell contact, we used 3H-labelled bacteria with a known ratio of viable counts to radioactivity. The results obtained with C57B1/6 macrophages and both virulent and avirulent S. typhimurium are shown in Fig. 2 . (As measurements were made from the time of mixing, the time scale in Fig. 2 is such that the definition of zero time is the same as in Fig. 1 .) After opsonization with complement (normal serum) about 40 % of virulent and avirulent bacteria were killed within the first 5 min; after opsonization with complement and antibody (normal and immune serum) 60% of avirulent bacteria were killed within the first 5 min whereas the initial killing of virulent bacteria was not influenced by antibody. After 30 rnin the bactericidal activity of the macrophages corresponded to that shown in Fig. 1 . The same results were obtained with macrophages from C3Hf mice (data not shown). Thus, the slow killing phase measured in vitro between zero time and 30 min, but not the initial killing phase (-5 rnin to zero time), reflected the susceptibility of the mice from which the macrophages were obtained.
Effect of cytochalasin B and 2-deoxy-~-glucose on the bactericidal activity of peritoneal macrophages To study the characteristics of the early and late phases of killing we used two inhibitors of internalization that act in different ways. Cytochalasin B blocks phagocytosis by interfering with microfilament formation (Allison et al., 1971; Hartwig & Stossel, 1976 ) and 2-deoxyglucose only interferes with uptake via Fc and C3 receptors (Michl et al., 1976) . Initially the influence of these compounds was tested on the late phase of killing. As shown in Table 2 , cytochalasin B inhibited the killing of both opsonized and non-opsonized bacteria.
On: Mon, 17 Dec 2018 01:58:31 2-Deoxyglucose inhibited the killing of opsonized bacteria to a lesser extent and had no effect on the killing of non-opsonized bacteria. These results indicate that the late phase of killing is primarily intracellular. The instantaneous action of cytochalasin B made it possible to analyse the uptake of bacteria by macrophages and to see whether this was enhanced by antibody. As shown in Fig.  3 , when cytochalasin B was added to the monolayers together with the bacteria (at -5 min) it completely inhibited the killing of bacteria opsonized with either complement or complement and antibody. When added after the removal of non-adherent bacteria (zero time) the killing of bacteria opsonized with complement was inhibited but not that of bacteria opsonized with complement and antibody. Cytochalasin B had no effect when it was added during re-incubation of the washed cells (+5 min in Fig. 3 ). These results confirm that killing during the late phase is intracellular. They also show that the uptake of S. typhimurium into the macrophages is enhanced by antibody which was shown to be IgG, as evidenced by its resistance to dithiothreitol.
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To study the initial rapid phase of killing, experiments such as described in Fig. 2 were done in the absence or presence of cytochalasin B. As shown in Fig. 4 for avirulent S.
typhimurium SF 10223 and macrophages from resistant C3Hf mice, during this first killing phase, bacteria which were opsonized with complement were killed in the presence of cytochalasin B to the same extent as in its absence. The killing which occurred later was sensitive to cytochalasin B, as described above. Similar results were obtained with the combination of virulent S. typhimurium SF 1826 and macrophages obtained from sensitive C57B1/6 mice (data not shown). This indicated that, in contrast to the killing in the second phase, the killing of bacteria in the first phase did not require internalization and thus must occur in association with the plasma membrane of the macrophage.
Chemiluminescence during the interaction of peritoneal macrophages and S . typhimurium
The chemiluminescence responses of macrophages from C3Hf and C57B1/6 mice to virulent and avirulent S. typhimurium, opsonized with the homologous normal mouse serum, are shown in Fig. 5 . Macrophages from both mouse strains responded similarly, and there was virtually no difference in the chemiluminescence response with virulent or with avirulent bacteria. The chemiluminescence exhibited a maximum about 6 rnin after the addition of bacteria, decreased slowly until about 15-20 rnin and increased again after about 25 min. The second response was much slower than the rapid initial burst of chemiluminescence (Fig. 5 a) . Since the test was performed in vials for liquid scintillation counting with a layer of macrophages on the bottom overlaid with bacterial suspension to a height of 1.5 cm, it seemed possible that the second slow response was due to the slow sedimentation of bacteria on to the macrophages. We therefore decanted the supernatant suspension 7 min after the addition of bacteria, washed the macrophages twice with warm Eagle's/HEPES medium and added 2.5 ml of warm Eagle's/HEPES medium containing the luminol reagent, before continuing the experiment. As shown in Fig. 5(b) , the removal of the bacterial suspension after 7 min resulted in a quick decay of the chemiluminescence response. The conditions in . such an experiment were the same as those described for the phagocytosis tests. We have ascertained that in our experiments the removal of bacteria not associated with macrophages always resulted in kinetics of the chemiluminescence response as those shown in Fig. 5 (b) , and in further experiments measurements were recorded for only the first 20 min. Since there were no significant differences in the chemiluminescence response of macrophages from resistant or sensitive mice to virulent or avirulent bacteria, we used macrophages from resistant C3Hf mice and avirulent S. typhimurium SF10223 for subsequent experiments. In control experiments it was ascertained that all other combinations of macrophages and bacteria gave the same results. Effect of cytochalasin B and 2-deoxy-~-glucose on the chemiluminescence with peritoneal rriacrop hages To correlate the bactericidal activity of macrophages with the chemiluminescence exhibited during their interaction with S . typhirnurium, we measured chemiluminescence in the presence of cytochalasin B and of 2-deoxyglucose. As shown in Fig. 6 , the addition of cytochalasin B together with opsonized bacteria reduced the chemiluminescence response of macrophages to about 10%. When the cytochalasin B was added during the experiment, the chemiluminescence decreased rapidly to zero, even though in this experiment the non-adhering bacteria were not removed and thus provided continuous stimuli while slowly sedimenting on to the macrophages. Since cytochalasin B was dissolved in DMSO, controls were run in which only DMSO (0.01 % final concentration) was added; DMSO had no effect on chemiluminescence. In the presence of 2-deoxyglucose, chemiluminescence observed during the interaction of macrophages with opsonized or non-opsonized bacteria was reduced in both cases to about 20% of the values obtained in the absence of 2-deoxyglucose. Thus, 2-deoxyglucose interferes with the chemiluminescence response to non-opsonized bacteria, although it does not interfere with their internalization and intracellular killing.
D I S C U S S I O N
In previous studies (von Jeney, 1976; von Jeney et al., 1977) we had found that the inheritable resistance of mice against infection with S. typhimurium correlated neither with the antibody response (agglutinating, bactericidal or opsonic) to the bacteria, nor with the presence of natural antibodies. Therefore, cellular events such as participation of T cells and macrophages were postulated as decisive to resistance and infection immunity, in keeping with earlier findings (North, 1973; North & Mackaness, 1973) .
We have now studied the bactericidal activity of peritoneal macrophages of both resistant and sensitive mice in vitro. In our experiments we have used a maximum ratio of bacteria to macrophages of 4 : 1, in order to avoid damage of the macrophages. To limit the overlapping of the attachment and killing phases, we exposed the macrophages to bacteria for only 5 min after which the monolayers were washed before further incubation. This washing was taken as zero time and the number of viable counts at this time as 100% of attached bacteria.
Using 3H-labelled bacteria we found that killing of S . typhimurium by mouse macrophages occurred in an early phase (within 5 min after addition of the bacteria) and a late phase (15-30 min after addition of the bacteria). The two phases could be differentiated with cytochalasin B which has been reported to block particle uptake by interfering with microfilament formation (Davies et al., 1973) . Killing of bacteria in the early phase was unaffected by cytochalasin B, indicating that it occurred without internalization, probably while the bacteria are still associated with the plasma membrane of the macrophages. Killing of the bacteria in the late phase was completely inhibited by cytochalasin B, indicating that internalization was a prerequisite for killing in this phase. This was corroborated by the fact that 2-deoxyglucose, which interferes only with the uptake of particles via Fc and C3 receptors of the macrophages (Michl et al., 1976) , inhibited the killing of opsonized bacteria in the late phase but did not interfere with the killing of non-opsonized bacteria. Evidence for killing of bacteria without phagocytosis was recently presented by Okamura et al. (1979) with polymorphonuclear leukocytes. This publication came to our attention during the preparation of this manuscript.
Early phase killing was exhibited by macrophages from both sensitive and resistant mice, whereas the efficiency of late phase killing was directly correlated with susceptibility to infection. Since the late phase killing is an intracellular event, our data show that the resistance of mice to infection with S. typhimurium depended on the intracellular bactericidal activity of their macrophages, which is in accord with previous reports Lowrie et al., 1979 ) that killing of S . typhimurium occurs within macrophages.
It is interesting to note that when there was no intracellular killing of bacteria opsonized with complement, additional opsonization with anti-S. typhimurium antibody did not improve the bactericidal capacity of the macrophages. In contrast, with macrophages capable of intracellular killing, additional opsonization of the bacteria with antibody resulted in more rapid and extensive killing. With the aid of cytochalasin B it could be demonstrated that this increase in killing was due to increased late phase (intracellular) killing while the early phase (plasma membrane-associated) killing was not influenced (data not shown).
The antibacterial repertoire of phagocytic cells comprises lysosomal proteins like lysozyme and a number of activated oxygen species, derived from conversion of metabolic energy through the action of NADH oxidase and myeloperoxidase (Roos, 1977) . These oxygen metabolites (lo2, O;, OH-, H202) react with each other and with solutes of their milieu, such as halide ions, thereby exerting through the reaction products an antimicrobial activity which is not yet well understood (Babior et al., 1975; Krinski, 1974; McRipley & Sbarra, 1967; Rosen & Klebanoff, 1977) . Some of these oxygen metabolites, notably singlet oxygen, generate chemiluminescence. C hemiluminescence is also observed when phagocytes interact with viable or dead bacteria or with inert particles such as zymosan (Allen et al., 1974; Nelson et al., 1976) . It was therefore interesting to see whether chemiluminescence could be considered as a manifestation of the bactericidal activity of phagocytes. This is especially interesting with intracellular parasites such as S . typhimurium, since phagocytic uptake does not necessarily result in their killing.
Macrophages from resistant C3Hf mice and from sensitive C57B1/6 mice were incubated with the virulent (SF 1826) and avirulent (SF 10223) strains of S . typhimurium opsonized with normal mouse serum. The chemiluminescence responses were similar in all cases, indicating that the difference in the bactericidal activity of the macrophages was not reflected in their chemiluminescence response. The response exhibited a maximum about 6 min after contact with the bacteria and then decayed rapidly over the next 5-10 min. Since 2-deoxyglucose markedly reduced the chemiluminescence response generated with non-opsonized bacteria, while it did not affect intracellular killing, a correlation of intracellular killing and chemiluminescence seemed unlikely. However, it could not be excluded that the early plasma membrane-associated killing was reflected in a chemiluminescence response, which was inhibited by cytochalasin B. When the chemiluminescence experiments were repeated in the presence of cytochalasin B the response was less than 10% of the control. These results indicated that in our system chemiluminescence is a manifestation of cell-cell interaction between bacteria and macrophages but not of bacterial killing.
The results presented in this communication indicate that the killing of S. typhimurium by mouse peritoneal macrophages in vitro is initiated by adherence of the opsonized bacteria to the phagocytic cells. When this adherence occurs on a plasma membrane which can be modulated through metabolic energy, chemiluminescence is generated. Although chemiluminescence expresses the efficiency of opsonization (Allen, 1977; Stjernholm et al., 1973) , it is no indication of subsequent killing in our system. Killing can be considered in two phases. The bacteria are probably transiently damaged by oxidative processes on the outside of the macrophage plasma membrane and some are killed at this stage. Adherent bacteria are then taken up and the ensuing intracellular killing may be facilitated by this previous oxidative damage. Although it is only in the extent of a slower intracellular killing that the resistance of the animal is expressed, the outcome of the infection probably depends also on the very early plasma membrane-associated bactericidal activity of macrophages. The early plasma membrane-associated killing of virulent bacteria perhaps represents an initial defence mechanism exerted by the macrophages which may serve to control bacterial growth before macrophage activation. Triggering of immune reactions further enhances intracellular killing. Role of contractile microfilaments in macrophage movement and endocytosis. Nature, London 232,
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